NMR Spectra of Compounds

Materials and Instruments.
All reagents and chemicals are commercially purchased and used without further purification unless otherwise stated. Anhydrous tetrahydrofuran and toluene are distilled from Na/benzophenone. The known monomer tributyl(4-(2-hexyldecyl)thiophen-2-yl)stannane [1] and 5,6-difluoro-4,7-diiodoisobenzofuran-1,3-dione [2] are prepared according to the under N 2 . Room temperature UV-vis spectra of the polymer solutions and films were collected on a Shimadzu UV-3600 UV-VIS-NIR spectrophotometer.
Temperature-dependent UV-vis absorption spectra of the polymer solutions were collected on Perkin Elmer Lambda 950 UV/VIS/NIR Spectrometer. Cyclic voltammetry (CV) measurements of the polymer films were conducted under argon atmosphere using a CHI760 Evoltammetric analyzer with 0. . Steady-state photoluminescence (PL) spectra were measured using a Horiba iHR320 spectrometer with the Andor Newton EMCCD detector. PL spectra were excited using a Coherent 532 CW laser. Atomic
Force Microscopy (AFM) measurements were carried out using a Dimension Icon Scanning Probe Microscope (Asylum Research, MFP-3D-Stand Alone) in the tapping mode. Transmission Electron Microscopy (TEM) images were collected on Tecnai Spirit microscope (20 kV). For TEM samples, the films were first casted onto PEDOT:PSS covered substrates, and then were floated off in deionized H 2 O before being transferred onto TEM copper grids. Two-dimensional grazing incidence wide angle X-ray scattering (2D GIWAXS) measurements were performed at the PLS-II 9A U-SAXS beam line of Pohang Accelerator Laboratory, Korea.
Monomer and Polymer Synthesis.
4,7-dibromo-2-(2-hexyldecyl)isoindoline-1,3-dione (2). Compound 1 (500 mg, 1.63 mmol), 2-hexyldecan-1-amine (506 mg, 1.63 mmol), and glacial acetic acid (5 mL)
were combined and refluxed under N 2 for 6 h. After the acetic acid was removed under a reduced pressure, the crude product was purified via column chromatography on silica gel using dichloromethane:petroleum ether (1:1) as the eluent to give compound 2 as a white solid (776 mg, 90%). 
2-(2-hexyldecyl)-4,7-bis(4-(2-hexyldecyl)thiophen-2-yl)isoindoline-1,3-dione (5).
An glass tube was charged with compound 2 (500 mg, 0.94 mmol), 
General Procedure for Polymerizations via Stille Coupling for the Synthesis of
Polymer PhI-ffBT and ffPhI-ffBT. A flame dried glass tube was charged with two monomers (1.0 equiv each), Pd 2 (dba) 3 (0.015 equiv), and P(o-tolyl) 3 (0.12 equiv). The tube and its contents were subjected to 3 pump/purge cycles with vacuum/argon, followed by the addition of anhydrous toluene (6-8 mL) via syringe. The tube was sealed under argon flow and then stirred at 80 ºC for 10 minutes, 110 °C for 10 minutes, and 140 °C for 1 h under microwave irradiation. Then, 0.1 mL of 2-(tributylstanny)thiophene was added and the reaction mixture was stirred under microwave irradiation at 140 °C for 0.5 h. Finally, 0.2 mL 2-bromothiophene was added and the reaction mixture was stirred at 140 °C for another 0.5 h. After cooling to room temperature, the reaction mixture was slowly dripped into 100 mL methanol containing 5 mL 12 N hydrochloric acid under vigorous stirring. After stirring for 4 h, the solid precipitate was transferred to a Soxhlet thimble. After drying, the crude product was subjected to sequential Soxhlet extraction with solvents and sequence depending on the solubility of the polymer. After final extraction, the polymer solution was concentrated to ~20 mL, and then dripped into 100 mL methanol under vigorous stirring. The polymer was collected by filtration and dried under a reduced pressure to afford a dark red solid as the product polymer.
PhI-ffBT. The solvent sequence for Soxhlet extraction was methanol, acetone, hexane, dichloromethane, and chloroform. PhI-ffBT was obtained from chloroform fraction as a dark blue solid with a yield of 65%. M n = 36 kDa, PDI = 1.5. ffPhI-ffBT based OTFTs.
Fabrication and Characterization of Polymer Solar Cells.
Fabrication of Polymer Solar Cells with a Conventional Structure:
Pre-patterned Indium tin oxide (ITO)-coated glass substrates with a sheet resistance of ~12 sq −1 were used as the substrates, which were cleaned by sequential ultra-sonication in soap water, deionized water, acetone, and isopropanol for 15 min each, followed by UV-ozone treatment for 15 min. PEDOT:PSS (Clevios P VP A1 4083) was spin-coated onto the UV-ozone treated ITO substrates at 3000 rpm for 20 s to form a ~30 nm film, followed by thermal annealing at 150 °C for 15 min in air, The PEDOT:PSS-coated ITO substrates were then transferred into a N 2 -filled glove box for subsequent steps. For ffPhI-ffBT donor polymer, the polymer:IT-4F (1.2:1 weight ratio) active layer solutions were prepared at a concentration of 10 mg mL (for the donor polymer) in chloroform (CF) with 0.6% volume ratio of DIO as the additive. The active layer solution was stirred at room temperature for 3 h before spin-coating at 4500 rpm. The spin-coated films were all vacuumed for 8 h to remove the high boiling point DIO additives. Before spin-coating the electron transporting layer, all active layers were thermally annealed at 125 °C for 5 min. Finally, 5 nm perylene diimide functionalized with amino N-oxide (PDINO) [3] (1.5 mg mL for PhI-ffBT and 10 mg mL Table S7 . Device performance parameters of PSCs using different device structures.
(concentration: 7 mg mL -1 for PhI-ffBT and 10 mg mL for PhI-ffBT and 10 mg mL conditions are the same as the OSCs described above. The SCLC mobility is extracted using Mott-Gurney equation [4] : where J is the current density, 0 is the vacuum permittivity (8.85×10
), r is the relative dielectric constant of the active layer (assumed to be 3), is the hole or electron mobility, d is the thickness of the active layer, and V is the potential within the device given by V = V appl −V bi , where V appl is the voltage applied to the device and V bi is the build-in potential across the active layer and the electrode interface. V bi is taken to be zero for these hole-only and electron-only devices. 
